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ABSTRACT
Age and growth and other biological characteristics 
of goldeye were compared at five widely separated stations 
on Garrison Reservoir in 1968 and 1969* All samples were 
collected with experimental gill nets fished near the sur­
face. In 1968, goldeye comprised 88.56 percent of the total 
catch of 1,381 and in 1969, they made up 9^»^2 percent of 
the total catch of 2,230 fish. It was found that growth 
patterns of goldeye at the various stations were statisti­
cally different, which may be attributed to the differences 
in turbidity, temperature and possibly other limnoiogic 
conditions. Although statistical differences were found 
the actual differences were so small that they would be in­
significant to a commercial fisherman.
xiii
INTRODUCTION
Goldeye, Hiodon alosoides (Rafinesque), a potentially 
valuable commercial fish has been found to be very abundant 
in Garrison Reservoir. This large population is virtually 
unexploited. Previous investigations in 1966, 1967 and 1968 
have indicated that goldeye in the Little Missouri Arm of 
Garrison Reservoir had slow growth in comparison to those 
in Canadian waters.
An intensive goldeye fishery has been established in 
Canada. The demands for smoked goldeye have greatly exceed­
ed the production of Canadian waters and therefore the mar­
kets are excellent. At present goldeye are taken commercial 
ly from the Red Lakes in Minnesota and in areas of Montana 
and successfully marketed in Canada. The availability of 
goldeye in Garrison Reservoir and the close proximity to 
the main producers in Winnipeg, Manitoba, suggest that a 
commercial fishery may be feasible if the goldeye can meet 
the requirements of the Canadian producers.
The previous investigations of goldeye in 1966, 1967 
and 1968, were limited to the Little Missouri Arm. This 
study was therefore initiated to determine if goldeye 
throughout the reservoir possessed the character of slow 
growth or if the unique limnologic conditions in the Little 
Missouri Arm caused the atypical retarded growth.
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DESCRIPTION OF THE AREA
Garrison Reservoir
Garrison Reservoir was created when the Garrison Dam 
at Riverdale, North Dakota was closed in December 1953 (Pig* 
1). The dam was constructed by the United States Army Corps 
of Engineers for the purpose of flood control, irrigation, 
navigation, and hydro-electric power. This reservoir, the 
largest of the main stem Missouri River impoundments, has a 
surface area of 326,000 acres when at maximum pool elevation 
of 1850 msl, and a maximum storage capacity of 29-,500,000 
acre-feet (Neel, 1963). The reservoir is 200 miles long, 
has a shoreline of 1600 miles, an average width of three 
miles, and a maximum depth of 180 feet (Hill, 1967). The 
principal sources of water for the reservoir are the Missouri 
River with five main tributaries; the Little Missouri River, 
Shell Creek, Nhite Earth River, Tobacco Garden Creek, and 
the Little Muddy River (Carufel, 1963)*
The Little Missouri River, the largest tributary en­
tering the reservoir, is 1,506 miles long and has a drain­
age area of 9,500 square miles (U.S. Dept. Interior, 1952). 
The river forms the Little Missouri Arm which is one of the 
largest branches of the reservoir.
The Little Missouri Arm lies in a glacial plateau 
which is characterized by small flood plains, terraces, and
2
Pig. 1. Garrison Reservoir
rough local badlands (Omodt, Johnsgard, Patterson, and 
Olson, 1968). The arm is J1 miles long and ranges in width 
from 3/^ to 1/16 of a mile. It ranges in depth from 5 to 
75 feet.
Shell Greek enters the reservoir near Newtown, North 
Dakota, in an area referred to as the Van Hook Arm. The 
creek has a drainage area of 184 square miles.
The Shell Creek area of th'1 Van Hook Arm lies in an 
area of rolling and steep hills which are mantled with gla­
cial drift. The arm is 12 miles long and has an average 
width of 6 miles. The depth of the area sampled ranges 
from 10 to 25 feet.
Tobacco Garden Creek enters the impoundment northeast 
of Watford City, North Dakota and has a drainage area of 
198 square miles. The area is strongly dissected by drain­
age ways extending into the uplands. Here the topography 
is hilly and steep.
Tobacco Garden Creek Bay was formed at the confluence 
of the creek and the Missouri River when the reservoir was 
filled. The bay is 2 miles long and 1/2 mile wide. The 
depth of the area ranges from 5 to 35 feet.
Pick City Bay is located 1/2 mile from the face of the 
dam structure near the town of Pick City, North Dakota. The 
area has little local drainage. The bay is 1/2 mile long, 
1/4 mile wide and the area sampled has an average depth of 
30 feet.
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The Missouri River station above Jilliston, North 
Dakota, possessed all characteristics of the Missouri River 
proper. The area was shallow, 3 to 18 feet deep, the cur­
rent was very swift, and the water was silt laden.
The shoreline throughout the reservoir is irregular 
and ranges from steep vertical embankments to gently slop­
ing plains. Because of the numerous creeks and coulees 
which flow into the reservoir many bays and inlets were 
formed. The fluctuating water level allows little growth 
of stable emergent and submerged aquatic vegetation.
The reservoir generally fluctuates between 10 and 16 
feet, xtfith rises occurring twice each year in May and June. 
These rises are a result of increased river discharge due 
to runoff. During the winter the reservoir is drawn down 
to accomodate the spring flood waters (Carufel, 1963).
Climate
The area has a cool temperate semiarid climate with 
an average annual precipitation of 16 inches, which includes 
about 25 to 30 inches of snow. Eighty percent of the pre­
cipitation falls as rain between April and October (Omodt, 
Johnsgard, Patterson, and Olson, 1968). The first killing 
frost in the autumn occurs by 20 September and freeze up 
occurs in late November (U.S. Dept. Interior, 1952). VJillis- 
ton, North Dakota, which is located on the Missouri River, 
has a maximum summer temperature of 110 F and a minimum win­
ter range of -20 to -60 P (Neel, Nicholson, and Hirsch,
i
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1963)• The average July and January temperatures range from 
67 to 70 F and 2 to 9 F respectively (Omodt, Johnsgard, 
Patterson, and Olson, 1968). Break up usually occurs by 15 
April on the Little Missouri Arm but not until late April 
for the main stem reservoir (Hieb, 1968).
LITERATURE REVIEW
Most published material on goldeye is concerned with 
the fish in rivers and natural lakes and little is known 
about them in reservoirs. Goldeye are found only in North 
America (Fig. 2). The encircled area indicates goldeye dis­
tribution. The Missouri River and its impoundments are lo­
cated near the center of the distribution (Kennedy and 
Sprules, 1967). Goldeye are very abundant in the Missouri 
River and its impoundments and also present in moderate 
numbers in the larger tributaries. Test netting surveys, 
of the North Dakota Game and Fish Department using bottom 
sets, indicate that the goldeye population in Garrison 
Reservoir fluctuates from year to year. Since 1964- the 
survey records ndicate a steady increase in the relative 
abundance of goldeye; 26.31 percent in 1964-, 30.68 percent 
in 1965, 36.4-1 percent in 1966, 39*38 percent in 1967 and 
4-8.59 perce : in 1968 (Duerre, 1965; Hill, 1966, 1967, 1968 
and 1969). Peterson (1967) using a vertical gill net sus­
pended from the surface, found that goldeye comprised 53*2:8 
percent of his catch. Johannes (1970) used experimental 
gill ne s fished near the surface and found that goldeye 
made up 90.80 percent of his total catch of 7,191*
An intensive goldeye fishery has been established in
the -'anadian Provines and markets there are excellent
7
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Fig. 2. Golaeye distribution in North America 
(Area encircled) (After Kennedy and Sprules, 1967).
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(Bajkov, 1930). Although goldeye production was recorded as 
early as 1376, records prior to 1900 are erratic and mis­
leading. At first goldeye were taken only incidentally to 
a fishery for whitefish, walleye and pike. By 1911 goldeye 
had acquired popularity as a smoked fish under the name 
Winnipeg Goldeye (Kennedy and Sprules, 1967). Markets were 
gradually developed and soon a fishery was established on 
Lake Winnipeg. Sizeable goldeye catches were made in Lake 
Winnipeg, with annual catches exceeding one million pounds 
in the years 1926, 1927, 1928 and 1929• After 1930, Lake 
Winnipeg production decreased drastically and 1938 was the 
last year during which a substantial quantity of goldeye 
were taken. For a time Lake Winnipegosis was the main source 
but soon it was also overfished. Since 1930, the majority 
of the goldeye taken have been from the lower Saskatchewan 
River. In recent years fisheries have been developed in 
Ontario, Alberta and Quebec to meet the demands for smoked 
goldeye (Kennedy and Sprules, 1967)* The preferred size of 
goldeye today is 360 millimeters with an average weight of 
590 grams. Goldeye smaller than 320 millimeters can be sold 
but bring a much lower price (Moen, personal communication).
Since 1916, a commercial goldeye fishery has been sup­
ported in the Red Lakes, Minnesota (Grosslein and Smith,
1959) . The Red Lakes catches are marketed in ’Winnipeg, Man­
itoba, since smoked goldeye are not in demand in the United 
States. Since 19^0, a reduction in catch has occurred.
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This reduction is believed to have been due to the increased 
fishing effort on the immature goldeye. Cooper (1967) 
reported that a reduction of the goldeye population in con­
fined areas of the Port Peck Reservoir, Montana had been 
accomplished by intensive and continuous experimental net­
ting.
Hinks (19^3) from his observations on Lake Winnipeg 
and Lake Winnipegosis states: "...goldeye do not spawn 
every year after sexual maturity has been reached." Kennedy 
and Sprules (1967) reported that from their observations 
most goldeye do spawn every year.
Heib (1968) reported that gravid age III females were 
not taken from Garrison Reservoir. He found that the major­
ity of the gravid females were of age IV. Hill (1966) in 
his study of Port Peck Reservoir, Montana and surrounding 
area, found that most gravid females taken were of age IV, 
while ripe males were mostly of age III.
Battle and Sprules (i960) described the eggs and 
early developmental stages of goldeye ova. They were also 
the first to discover that the ova were bathypelagic or 
semi-buoyant. This had been suspected in 19̂ -8, when wind­
rows of goldeye eggs were found along the shore of Lake 
Claire, Alberta.
Sex rations of males to females has been found to vary 
a large extent. Grosslein and Smith (1959) found a predom­
inance of males in their study of the Rea Lakes. Martin 
(1952), Hill (1966) and Hieb (1968) found females to be more
11
abundant than males. Johannes (1970) found females to be 
more abundant than males in the deeper waters of the Little 
Missouri Arm near its confluence with the Missouri River and 
males more abundant than females in the shallow, turbid 
waters upstream. Kennedy and Sprules (1967) also found fe­
males to be more abundant but state: "...because there 
a variation in sex ratios from time to time and from place 
to place the sex rations could have been reversed by alter­
ing the sampling schedule." Therefore they concluded that 
there were no grounds for considering the sex rations to be 
appreciably different from one male to one female.
Age and growth studies have been made in natural lakes 
in Canada by Bajkov (1930) and Kennedy and Sprules (1967); 
in Minnesota by Eddy and Carlander (19^2), Grosslein (195^) 
and Grosslein and Smith (1959) and in Oklahoma by Martin 
(1952). Reservoir investigations of goldeye have been car­
ried out by Hill (1966) in Montana, Claflin (1963) in South 
Dakota and by Hieb (1968) and Johannes (1970) in North 
Dakota. Hieb found that the goldeye in the Little Missouri 
Arm of Garrison Reservoir were smaller than those in Canadian 
waters.
Bajkov (1930) reported that goldeye are generally 
nocturnal, surface feeders and that they fed primarily on 
terrestrial and aquatic insects and their larvae. Kennedy 
and Sprules (1967) also found this to be so and they found 
that the family Corixidae had the highest frequency of
12
occurrence In goldeye stomachs they examined. Hieb (1968) 
found terrestrial insects to be the principal food organism
in stomachs he examined.
Peterson (1967) investigated the vertical distribution 
of goldeye in Moccasin Bay of Garrison Reservoir, North 
Dakota. In his study he tried to correlate turbidity, tem­
perature and oxygen concentration with the vertical distribu­
tion of goldeye. He found that these three factors did not 
appear to greatly influence the depth distribution and sug­
gested that the distribution was affected by photoperiod and 
feeding habits. Cooper (196?) in his investigation on Port 
Peck Reservoir, Montana observed that the vertical distribu­
tion appeared to be affected by water temperature. He found 
that as the ’water cooled the goldeye moved from the shallow 
waters into the deeper waters.
Johannes (1970) in his investigation of the Little 
Missouri Arm of Garrison Reservoir, found that goldeye moved 
into and concentrated in areas of warmer water in the spring. 
This may have been an indication of definite temperature 
preference during the spawning season. In comparing turbid­
ity with goldeye catch Johannes found that the goldeye catch 
increased gradually with increasing turbidity. He stated 
however that he was not sure if the increase in catch was an 
indication of greater fish density or if it was a result of 
poor visibility, which would reduce the ability to avoid the
nets.
MATERIALS AND METHODS
This investigation was carried out between 15 July and 
1 September, 1968 and continued between 15 April and 3 July, 
1969. Five stations were established; Little Missouri Arm 
(station 1), Pick City (station 2), Van Hook Arm (station 3)9 
Tobacco Garden Creek Bay (station 4) and the Missouri River 
above Williston, North Dakota (station 5) (Fig* 1). The 
five stations were located throughout Garrison Reservoir to 
determine any differences in population characteristics and 
biological factors which might effect goldeye distribution.
Stations were sampled bimonthly throughout the study.
In 1963 all five stations were sampled while in 19&9 only 
the first four were sampled. A total of seven sampling 
periods were used in this study, two in 1968 and five in 
1969*
Nets were set in shallow bays since Bajkov (1930) found 
goldeye to be very abundant in such areas. Nets were left 
in place for twenty-four hours in order to sample all major 
activity cycles of goldeye (Carlander, 1953b)• Temperature 
readings and water samples were taken near the surface each 
time a station was sampled. Temperatures were taken with a 
hydrographic thermometer model 5T3 (Applied Research/Austin 
Inc.). Water samples were analyzed with a Hach Kit model
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DR28 3'̂ 'B, and transparencies were measured with a Secchi 
disc. Two experimental gill nets 125' by 5i’> constructed 
of five 25-foot lengths of 3/4, 1, 1 lA, 1 1/2 and 1 3A  
inch bar mesh re spec-*- • , were ^ux’face.
The nets were set approximately 200 meters apart.
Nets were pulled, placed into tubs and then taken to 
shore where the fish were removed. The fish were sorted 
into five-gallon pails according to mesh size and net number 
All fish were weighed to the nearest gram on a spring bal­
ance (Hanson Dietic Scale model A60) and total length was 
measured to the nearest millimeter. Sex of all goldeye 
longer than 250 mm was determined by the inspection method 
(Hieb, 1968). Goldeye shorter than 250mm were dissected to 
determine sex.
Scale samples were taken from 3*282 goldeye just be­
low the point where the tip of the left pectoral fin when 
rotated intersects the lateral line (Grosslei'1 and Smith, 
1959)* Scale impressions were made on cellulose acetate 
slides v/ith a roller press following the technique described 
by Smith (195^)• Impressions were projected and magnified 
by means of a Bausch and Loab microprojector. Paper strips 
were superimposed upon these images and scale length and 
point of interception of annuli were marked. A straight 
line relationship between body length and scale radius was 
assumed. The average annual growth increments were calcu­
lated by the use of a direct proportion nomograph (Carlander 
and Smith, 19^+), with a correction factor of 13 millimeters
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Length weight relationship for each station was deter­
mined by the LeCren method as described by Lagler (1956).
nThe equation used was W = cL , where W is the weight in 
grams, L is the total length in millimeters, and c and n 
are constants. The above elation is expressed in logar­
ithmic form as log W = log c + n log L. The value of n and 
the logarithim of c were determined by fitting a line to the 
logarithims of W and L by the least squares method.
The coefficient of condition (K-Total Length) of all 
goldeye aged was calculated for each station with the for­
mula, K = 100,000 W'/L̂  (Bennett, 1962). The actual figures 
were obtained by the reciprocal method described by Car- 
lander (1950).
Analysis of variance of the total lengths per age 
class between stations were calculated with the formula, F = 
Mean squares among stations/ Mean squares within stations. 
The stations were compared by total catch per age class.
//hen a significant Fs was obtained at P < .05, the Student- 
Newman-Keuls test (Sokal and Rohlf, 1969) was used to de­
termine which stations were significantly different.
A total of fifty goldeye stomachs were collected dur­
ing sampling period two (13 August, 1968). The stomachs 
were examined for the presence of organisms and the fre­
quency of occurrence for each organism was recorded.
RESULTS
Temperatures taken during the five sampling periods in 
1969 indicated a definite temperature difference between sta­
tions during any given sampling period (Table 1 ). Tempera­
tures ranged from 3*0 C (sampling period 15 April - 30 April) 
to 17.2 C (sampling period 16 June - 1 July). Dissolved 
oxygen by stations ranged from 7*0 ppm to 12.0 ppm (Table 
2). Oxygen content remained well above the 5*0 ppm limit at 
all times during the study. Secchi disc readings ranged 
from 0.8 feet to 5*3 feet (Table 3)* The greatest range in 
readings occurred at the Little Missouri Arm (station 1). 
Transparency readings at Tobacco Garden Creek Bay (station 
)̂ remained about the same throughout the five sampling 
periods in 1969* Turbidity readings (Table )̂ were the 
highest at Tobacco Garden Creek Bay (station 4-) and the low­
est at Pick City (station 2).
A total of 1,331 fish representing fifteen different 
species were captured in 1968 (Table 5) and 2,362 fish 
representing fourteen different species were captured in 
1969 (Table 6). The following species were captured during 
this study: goldeye, Hiodon alosoides (Rafinesque); walleye, 
Stizostedion vitreum (Mitchill); channel catfish, Ictalurus 




SURFACE WATER TEMPERATURES (°C) 1969
Sampling Station
Period 1 2 3 9
15 Apr.-30 Apr. 11.0 3.0 9.0 9.0
1 May- 15 May 13.0 6.0 12.0 11.0
16 May-30 May 19.0 9.8 19.8 15.2
1 June-15 June 15.0 10.0 00•9̂-H 15.8
16 June-1 July 17.2 12.5 16.. 15.5
TABLE 2





15 Apr.-30 Apr. - - - -
1 May- 15 May 8.0 10.0 10.0 12.0
16 May- 30 May 8.0 10.0 7.0 8.0
1 June-15 June 10.0 8.0 8.0 10.0
16 Ju.ne-1 July 8.0 8.0 8.0 7.0
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SECCHI DISC TRANSPARENCY READINGS (Feet) 1969
TABLE 3
Station
Sampling 1 2  3 4
Period
15 Apr.-30 Apr. 0.8 - 2.1 -
*1X May-15 May - 4.0 2.3 0.9
16 May- 30 May 1.3 4.9 2.3 1.2
1 June-15 June 1.8 3.0 3.7 1.0
16 June-1 July 5.3 4.1 4.5 1.3
TABLE 4
TURBIDITY READINGS (JTU) 1969
Sampling S tat:, on
Period I 2 3 4
15 Apr.-30 Apr. - - - -
1 May-15 May 50 5 8 35
16 May-30 May 35 8 25 25
1 June-15 June 30 12 18 40
16 June-1 July 10 32 15 45
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COMPOSITION OF CATCH FOR 1968
TABLE 5
Percent
Species Total Catch Composition
1. Goldeye 1.223 88.56
2. Walleye if-6 3.33
3. Channel catfish 41 2.97
4. Yellow perch 17 1.23
5. White crappie 15 1.09
6. Carp 13 0.95
7. Black bullhead 6 0.44
8. Northern pike 4 0.29
9. Sauger 4 0.29
10. Shovelnose sturgeon 4 0.29
11. White sucker 2 0.14
12. Smallmouth buffalo 2 0.14
13. Mad tom 2 0.14
14. Freshwater drum 1 0.07
15. Northern redhorse 1 0.07
Total 1,381 00•O O 1—1
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COMPOSITION OP CATCH FOR 1969
TABLE 6
Percent
Species Total Catch Composition
1 . Goldeye 2,230 94.42
2. Walleye 61 2.60
3. Channel catfish 23 0.97
4. Northern pike 13 0.55
5. Sauger 12 0.51
6. Northern redhorse 6 0.25
7. Carp rJ 0.21
8. Yellow perch 3 0.13
9. White sucker 2 0.08
10. White crappie 2 0.08
1 1. Paddlefish 2 0.08
1 2. Black bullhead 1 0.04
•<r\ 
1—1 Freshwater burbot 1 0.04
14. River carpsucker 1 0.04
Total 2,362 100.00;
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(Mitchill) ; northern pike, i :1s ox Indus (Linnaeus); white 
crappie, Pomoxis armularis (Rafinesque); carp, Cyprinus 
carpio (Linnaeus); sauger, Ctisostedion canadense (Smith); 
northern redhorse, Hoxostoma macrolepidoturn (LeSueur) ; 
black bullhead, Ictalurus melas (Rafinesque); shovelnose 
sturgeon, Scaphirhynchus platorynchuj (Rafinesque); white 
sucker, Catostomus commersoni (Lacepede); smallmouth buf­
falo, Ictiobus bubalus (Rafinesque); madtom, Noturus 
gyrinus (Mitchill); paddlefish, Pol,ydon spathula (Walbaum); 
freshwater drum, Aplodinotus grunniens (Rafinesque); fresh­
water burbot, Lota Iota (Linnaeus) and river carpsuclcer, 
Carpoides carpio (Rafinesque). In 1968, goldeye made up 
88.$6 percent of the total catch and in 1969 they comprised 
9^.^2 percent of the total catch.
Age and growth studies of goldeye from the 1968 total 
catch revealed that seven age classes were present and that 
age groups III and IV were the most abundant (Tables 7-11). 
Tables kk through 53 (Appendix A) present age and growth 
data by sampling periods for 1968. Age group III contained 
the greatest number of goldeye. Mean calculated lengths of 
goldeye at all five stations seemed very similar as did the 
mean annual increments. Upon statistical analysis of the 
total lengths of goldeye it was found that there were signifi­
cant differences among the stations by age groups (Tables 
12-17). Significant differences between stations at 
P < 0.05, were as follows: Age I, significant differences
22
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 















V VI VII VIII
1967 I 41 161 115
1966 II 6 218 112 191
1965 III 63 276 120 197 251
1964 IV 89 298 123 192 242 278
1963 V 7 317 126 203 242 273 299Mean calcula■ted. length 120 194 246 277 299Mean annual increment 120 ?4 52 31 22
TABLE 8
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 
FROM TOTAL CATCH PICK CITY (STATION 2) 1968
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1967 I 0 — —
19 66 II 10 231 114 190
1965 III 33 259 113 184 2331964 IV 80 307 127 202 250 285
1963 V 31 222 130 202 247 280 306
1962 VI 4 249 146 218 261 292 321 336
1961 VII 1 362 138 210 274 294 312 332 350
Mean claculated length 124 193 246 286 308 335 350Mean annual increment 124 74 48 40 22 27 15
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TABLE 9
MEAN TOTAL LENGTH OP GOLDEYE AT 
PROM TOTAL CATCH VAN HOOK
TIME OF ANNULUS 
ARM (STATION 3 )
FORMATION
1968
Year Age No. Mean Length Length at Annulus
Class Group Pish at Capture I II III IV V VI VII VIII
(mm)
1967 I 18 167 109
1966 II 24- 219 107 191
1965 III 125 264 119 192 240
1964 IV 93 290 118 187 23d 0  r i  0  <C (
1963 V 24 312 127 193 238 271 295
1962 VI 2 316 136 186 238 262 285 302
Mean calculated length 118 190 238 271 294 302
Mean annual increment 118 72 48 33 23 8
TABLE 10
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OP ANNULUS FORMATION 
PROM TOTAL CATCH TOBACCO GARDEN CREEK BAY (STATION 4) 1968
Year Age No. Mean Length Length at Annulus
Class Group Pish at Capture I II III IV V VI VII VIII
(mm)
1967 I 36 178 113
i960 II 70 231 109 195
1965 III 138 271 120 200 246
1964 IV 77 293 122 189 239 274
1963 7 9 310 117 186 230 273 294Mean calculated length 117 196 243 274 294
Mean annual increment 117 79 47 31 20
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TABLE 11
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OP ANNULUS FORMATION
PROM TOTAL CATCH MISSOURI RIVER (STATION 5) 1968
Year Age No. Mean Length Length at Annulus
Class Group Pish at Capture I II III IV V VI VII VIII
(mm)
1967 I 0 — —
1966 II 0 — — —
1965 III 1 297 108 224 276
1964 IV 9 298 122 187 239 277Mean calculated length 121 191 243 277Mean annual increment 121 70 52 34
TABLE 12
ANALYSIS OP VARIANCE FOR TOTAL LENGTH OF 
AGE I GOLDEYE TOTAL CATCH 1968
Source of Variation df SS MS
Among stations 2 9,481.2 4,740.6 23 »800aaa
Within stations 92 1 8,363.2 199.6
Total 94 27,844.4
aaa= P < 0.001
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TABLE 13
Source of Variation df SS MS Fs
Among stations 3 2,982.6 994.2 4.880a
Within stations 106 2 1,600.3 203*7
Total 109 24,582.9
a= P < 0.05
ANALYSIS OF VARIANCE FOR TOTAL LENGTH OF
AGE II GOLDEYE TOTAL CATCH 1968
TABLE 14
ANALYSIS OF VARIANCE FOR TOTAL LENGTH OF 
AGE III GOLDEYE TOTAL CATCH 1968













aaa= P < 0.001
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TABLE 15
ANALYSIS OP VARIANCE FOR TOTAL LENGTH OF
AGE IV GOLDEYE TOTAL CATCH 1 9 6 8
Source of Variation df SS MS F0
Among stations 4 12,706.0 3 ,176 .5 8.459aa
Within stations 348 130,711.0 375.5
Total 352 143,417.0
aa= P < 0.01
tabie 16
ANALYSIS OF VARIANCE FOR TOTAL LENGTH OF 
AGE V GOLDEYE TOTAL CATCH 1968
Source of Variation df SS MS ?s
Among stations 3 1,932.8 644.2 0.145 -
Within stations 67 296,270.9 4,430.9
Total 70 298,203.7
- = P > 0.05
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TABLE 17
ANALYSIS OP VARIANCE FOR TOTAL LENGTH OP
AGE VI GOLDEYE TOTAL CATCH 1968




1 1,518.7 1,518.7 6l.200aa
4 99.3 24.8
5 1 , 618.0
aa= P < 0.01
between stations 1, 3 and 4, no age I fish captured at sta­
tions 2 or 5; Age II, significant differences between sta­
tion 1 and stations 2 and 4, stations 2 and 3, and stations 
3 and 4, no age II captured at station 5,’ Age III, signifi­
cant differences between station 2 and stations 1, 4, and 
5, station 3 and- stations 1, 4 and 5> auci. stations 1 and 5; 
Age IV, significant differences between station 2 and sta­
tions 3 an! 4; and age VI, significant differences between 
stations 2 and 3» no age VI captured at stations 1, 4 or 5*
In 1969, eight year classes were found in the total 
catch. Age III and IV goldeye were again the dominant age 
groups but age IV contained the gx-eatest number of goldeye 
(Tables 18-21). Tables 54 through 73 (Appendix B) present 
age and growth data by sampling periods for 1969* Mean cal­
culated lengths and mean annual increments seemed very simil­
ar for the four stations sampled in 1969- Upon statistical 
analysis of the total lengths of goldeye it was revealed
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TABLE 18
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OP ANNULUS FORMATION
FROM TOTAL OATOH LITTLE MISSOURI ARM (STATION 1) 1 9 6 9
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture 
(mm)
I II III IV V VI VII VIII
1968 I 45 174 106
1967 II 22 243 131 210
1966 III 266 272 119 197 248
1965 IV 306 292 120 193 243 2751964 V 122 308 122 195 242 274 295
1963 VI 11 322 124 193 242 277 299 312
1962 VII 1 336 140 216 242 276 298 314 324
Mean calculated length 119 195 244 275 295 312 324Mean annual increment 119 76 49 31 20 17 12
TABLE 19
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OP ANNULUS FORMATION 
FROM TOTAL CATCH PICK CITY (STATION 2) 1969
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture 
(mm)
I II III IV V VI VII VIII
1968 I 9 175 128
1967 II 73 230 118 197
1966 III 113 259 115 191 238
1965 IV 52 295 125 194 244 2761964 V 16 307 121 193 243 274 296
1963 VI 2 319 146 200 228 273 298 312
1962 VII 0 - - - — - — -
1961 VIII 1 389 142 210 250 282 306 332 360 370
Mean calculated length 119 193 240 276 297 318 36O 370Mean annual increment 119 74 47 36 21 21 42 10
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TABLE 20
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OP ANNULUS FORMATION
FROM TOTAL CATCH VAN HOOK ARM (STATION 3) 1 9 6 9
Year Age No. Mean length Length at Annulus
Class Group Fish at Capture 
(mm)
I II III IV V 71 VII VIII
1968 I 17 181 112
1967 II 18 239 117 203
1966 III 163 272 120 197 284
1965 IV 140 293 120 193 244 2751964 V 44 308 126 196 242 274 295
1963 VI 19 328 128 199 243 275 296 315
1962 VII 2 331 134 207 249 282 301 316 32 5Mean calculated length 121 196 246 275 295 315 325Mean annual increment 121 75 50 29 20 20 10
TABLE 21
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 
FROM TOTAL CATCH TOBACCO GARDEN CREEK BAY (STATION 4) 1969
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII 
______________(mm)_____________________________________
1968 I 33 186 108
1967 II 70 227 114 198
1966 III 217 273 120 201 250
1965 IV 306 294 122 193 243 2761964 V 117 308 126 194 241 274 296
1963 VI 14 321 123 201 247 275 295 311Mean calculated length 121 196 245 275 296 311
Mean annual increment 121 75 49 30 19 15
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that significant differences were present among stations for 
age groups I, II, III and IV (Tables 22-28). Differences 
between stations were as follows: Age I, significant dif­
ference between stations 1 and Age II, significant dif­
ferences between station ^ and stations 1 and 2; Age III, 
significant differences between station 2 and stations 1,
3, and k-, and between station k and stations 1 and
Length weight regressions of goldeye were calculated 
for stations 1, 2, 3 and ^ for both 1968 and 1969 (Tables 
29 ana 30)* A regression was not calculated for station 5 
since only two age groups were present. Total length weight 
curves were computed from 189 goldeye from the 1968 total 
catch (Pig. 3) and from 213 goldeye from the 1969 total 
catch (Pig. ^). The equations for 1968 and 1969 total 
catches were Log W = -5.^7653 + 3.17^1^ hog L and Log W = 
-5.81555 + 3.30019 Log L respectively.
Coefficient of condition (K-total length) was calcu­
lated for each station by age groups. In 1968, the K-total 
length ratios ranged from O .85 to O .98 (Tables 31-35) and 
from O .83 to 0.85 in 1969 (Tables 36-39). It was noted that 
age I goldeye possessed a lower condition factor than did 
the older age groups. This low coefficient of condition 
may have been due to the relatively small sample size for 
this age group. In general, after the first year the co­
efficient remained about the same.
Goldeye were found to be very abundant at stations 1, 
2, 3, and b (Pig. 5-8)* The Little Missouri Arm (station
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TABLE 22
ANALYSIS OF VARIANCE FOR TOTAL LENGTH OF
AGE I GOLDEYE TOTAL CATCH 1969
Source of Variations df SS MQi i J ps
Among stations 3 3,056 1,018. 6 3 .700a
Within stations 100 27,532 275. 3
Total 103 30,588
a= P < 0.05
TABLE 23
ANALYSIS OP VARIANCE FOR 





Source of Variation df Ob MS ?s
Among stations 3 5,274 1,758.0 5.383aa
Within stations 179 58,462 326.5
Total 182 63,736
aa P <  0.01
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TABLE 24
ANALYSIS OF VARIANCE FOR TOTAL LENGTH OF
AGE III GOLDEYE TOTAL CATCH 1969
Source of Variation df S3 M3 F
Among stations 3 26,763 8,921.0 48.963aaa
Within stations 755 137>571 182.2
Total 758 164,334
Slclcl p < 0.001
TABLE 25
ANALYSIS OP VARIANCE FOR TOTAL LENGTH OF 
AGE IV GOLDEYE TOTAL CATCH 1969
Source of Variation df SS MS F
o
Among stations 3 997 332.3 3»l89a
Within stations 800 83,213 104.2
Total 803 84,210
a= P < 0.05
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Source of Variation df SS MS Fo
Among stations 3 22 7 .3 0.006-
Within stations 295 36^,50^ 1,235*6
Total 298 364-,526
~= P > 0.05
TABLE 26
ANALYSIS OB’ VARIANCE FOR TOTAL LENGTH OF
AGE V GOLDEYK TOTAL CATCH 1 9 6 9
TABLE 27
ANALYSIS OF VARIANCE FOR TOTAL LENGTH OF
AGE VI GOLD!-YE TOTAL CATCH 1969
Source of Variation df SS MS
Among stations 3 5,270 1,756.6 1*977
Within stations ^2 37,310 888.3
Total 45 ^2,580
“= P > 0 . 0 5
3^
TABLE 28
ANALYSIS OP VARIANCE FOR TOTAL LENGTH OF
AGE VII GOLDEYE TOTAL CATCH 1969
Source of Variation Gf SS MS Ps
Among stations 1 17 17 0.944.
Within stations 1 18 18
Total 2 35
“= P > 0.05
TABLE 29
LENGTH WEIGHT REGRESSIONS FOR GOLDEYE BY STATIONS 1968
Station No. of Fish Equation
1 43 Log




W = -5.2915^ + 3.08688 Log L 
W = -5.16110 + 3,03720 Log L 
W = -5,68277 + 3*27004 Log L 
W = -5.70970 + 3,27^92 Log L 
W = -5.^7653 + 3-17414 Log L
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TABLE 30
LENGTH WEIGHT REGRESSIONS FOR GOLDEYE BY STATIONS 1 9 6 9
Station No. of Pish Equation
1 57 Log W = -5.95507 + 3.35980 Log L
2 t o Log W = -6.0922^ + 3.to.618 Log L
3 60 Log w = -5 .55^35 + 3.19165 Log L
54 Log W = -5.7^268 + 3.2676^f Log L
Total 213 Log W = -5-81555 + 3.30019 Log L
1) and Tobacco Garden Greek Bay (station to which were the 
most turbid of the four stations, provided the larger 
catches throughout the entire study. Pick City, which was 
the least turbid station, provided the smallest number of 
goldeye. In early spring goldeye were found to be scarce 
at the four stations sampled in 1969* As the water warmed 
the catch of goldeye increased. A decrease in catch occur­
red at all four stations near the middle of June, 1 9 6 9 and 
then the catches began to increase again.
Sex ratios of goldeye, males to females, varied great­
ly between stations and between sampling years. In the 1963 
total catch the ratios ranged from 1 .0-1 . 0 5  to l,0-to00 and 
from 1.0-0.87 to 1.0-2.01 in 1 9 6 9 (Tables to and to). Dur­
ing April and May of 1 9 6 9, the numbers of male and female 










Pig. 3. Length weight relationship for 189 golcleye 










Pig. 4-. Length weight relationship for 213 goldeye 
from the 1969 total catch.
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TABLE 31
co 'FICIENT OF CONDITION "K-TOTAL LENGTH" OF GOLDS YE













1967 I 41 160 0.80
1966 II 6 218 0.79
1965 III 63 276 0.851964 IV 89 298 0.87
1963 V 7 314- 0.81
Mean K-T.L. 0.85
TABLE 32
COEFFICIENT OF CONDITION "K-TOTAL LENGTH" OF GOLDEYE FOR 













1966 ii 10 230 0.84
1965 h i 38 259 0.86
1964 IV 80 306 0.87
1963 V 31 322 0.84
1962 VI 4 349 0.88




COEFFICIENT OF CONDITION "K-TOTAL LENGTH" OF GOLDEYE













1967 I 18 167 O .76
1966 II 29 219 1.10
1965 III 125 263 0.911969 IV 98 290 0.95
1963 V 29 312 0.91
1962 VI 2 315 0.99Mean K-T.lL. 0.93
TABLE 39
CQEFFiCIENT OF CONDITION "K-TOTAL LENGTH" OF GOLDEYE FOR 












1967 I 36 178 0.99
1966 II 70 231 0.96
1965 III 138 271 0.991969 IV 77 293 0.981963 V 9 310 0.96Mean K-T.L. 0.93
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TABLE 35
JCEPPICIENT OP CONDITION "K-TOTAL LENGTH" OP GOLDEYS
TOTAL CATCH MISSOURI RIVER (STATION 5) 1968
FOR
Year Age No. Mean Length Mean
Class Group Pish at Capture K-T.L.
(mm)
1965 H I  1 297 0.90 
1964 IV 9 298 0.88 
Mean K-T.L. 0.88
TABLE 36
COEFFICIENT OF CONDITION "K-TOTAL LENGTH" OF GOLDEYE FOR 












1968 I 45 174 0.71
1967 II 22 243 0.83
1966 III 2 66 272 0.87
1965 IV 306 292 0.88
1964 V 122 308 0.87
1963 VI 11 322 0.87
1962
Mean K-T.L.
VII 1 336 0.87
TABLE 37
COEFFICIENT OF CONDITION "K-TOTAL LENGTH" OF GOLDEYE FOR












1968 I 9 175 0.70
1967 II 73 230 0.80
1966 III 113 259 0.82
1965 IV 52 295 0.87
196^ V 16 307 0.89
1963 VI 2 319 0.74
1962 VII 0 —
1961 VIII 1 389 0.90
Mean K-T.L. O .83
TABLE 38
COEFFICIENT OF CONDITION "K-TOTAL LENGTH" 














1968 I 17 181 0.77
1967 II 18 239 0.83
1966 III 163 273 0.90
1965 IV 14-0 293 0.91
196^ V 244 308 0.88
1963 VI 19 328 0.83
1962 VII 2 331 0.95Mean K-T.L. 0.86
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TABLE 39
COEFFICIENT OF CONDITION "K-TOTAL LENGTH OF GOLDEYE FOR












1968 I 33 186 0.77
1967 II 70 22? 0.86
1966 III 217 278 0.86
1965 IV 30 6 294 0.85
1964 V 117 308 O .85
1963 VI 14 321 0.80
Mean K-T.L. 0.75
temperature of the water increased the catches became pre- 
dominatly female (Fig. 9)•
Mesh selectivity was recorded for all goldeye caught 
during this study (Table 42). Of the five mesh sizes used, 
the 1 1/4 inch mesh captured the greatest number of gold- 
eye both in 1968 and 1969* In 1968 the three smallest mesh 
sizes contributed 78.2 percent of the total catch. In 
1969, the 1, 1 1/4 and 1 1/2 inch meshes captured 79-5 per­
cent of the total catch of goldeye.
The frequency of food organisms found in the goldeye 
stomachs collected in August, 1968, are presented in Table 
4 3. Cladocera \>/ere found in great mimbers in stomachs col­
lected from Pick City (station 2), Van Hook Arm (station 3) 
and Tobacco Garden Greek Eay (station 4). Chironomidae 
larva and pupa were very abundant in the stomachs collected 
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Pig. 6. Catch of goldeye by sampling period in Pick
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F i 7. Catch of goldeye by sampling
Hook nnr (station 3) in 1968 and 1 9 6 9 .
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APRIL MAY M A Y  J U N E  JULY JU LY A U G U S T
1969 1968
S A M P L I N G  P E R I O D
Pig. c. Catch of goldeye by sampling period in Tobacco
Garden Creek day (station b) in 1963 and 1 9 6 9 .
TABLE 40






1 132 139 1 .0-1.05
2 32 138 1.0-4.31
3 74 223 1 .0-3.01
4 146 313 1.0-2.14
5 2 8 1.0-4.00
Total 386 821 1 .0-2 .13
TABLE 41






1 333 444 I.O-I.33
2 146 127 1,0-0.87
3 136 273 1 .0-2.01
4 310 458 1.0-1.48




















MESH SELECTIVITY OF GOLDEYE FOR TOTAL CATCH BY SAMPLING YEAR
Sampling Mesh Size (inches)
Year 3 A 1 1 1/9 1 1/2 1 3A
1968 319 316 326 211 55
1969 387 61.5 712 995 70
Total 701 931 1,038 656 126




OP OCCURRENCE OF FOOD ORGANISMS 1963
Organisms Slation










Chaoborus Sp. Larva 
















15 16 12 7
-i0 13 9 0
12 0 2 0
U 0 0 0
Q
J 0 1 1
J 2 0 0f '
0 2 1 0
4 1 0 2
"J 0 0 0
0 0 0 1
4 2 0 3
1 0 0 0
2 0 2 0
rsc 1 0 1
fvO 0 0 4
0 0 0 1
DISCUSSION
Water temperature and turbidity seemed to afreet the 
distribution of goldeye in Garrison Reservoir. The Little 
Missouri Arm (station 1) and Tobacco Garden Greek Bay (sta­
tion k), which were the most turbid stations, yielded the 
greatest number of goldeye during this study. These two 
stations also possessed the highest water temperatures.
Pick City (station 2) which was the least turbid station 
and which possessed the lower water temperatures provided 
the fewest number of goldeye. Johannes (1970) found that 
goldeye concentrated in areas of warmer water in the spring 
and suggested that this might have been a definite tempera­
ture preference during spawning. Johannes also found that 
as the turbidity increased the catch of goldeye also in­
creased. Therefore it seems that goldeye in Garrison 
Reservoir prefer areas of warm x̂ ater. In Garrison Reservoir 
the ’warmest waters are also the most turbid areas and there­
fore it is assumed that the preference for these areas is 
due to the temperature and not the turbidity.
It is well established that goldeye are very abundant 
in Garrison Reservoir and that they are generally found near 
the surface. Johannes (1970), using floating gill nets, 
found that goldeye comprised 90.80 percent of his total 
catch. Peterson (1 9 6 7)» using a vertical gill net found
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that goldeye made up 53*2 percent of his total catch and 
that the majority of the goldeye were captured near the sur­
face. In this study goldeye made up 88.56 and 9^«^2 percent 
of the total catches in 1968 and 1969 respectively. This 
study therefore indicates that goldeye are abUxidant through­
out the reservoir as well as in the Little Missouri Arm.
Age and growth studies of goldeye revealed that seven 
age classes were present in the 1968 total catch and that 
eight classes were present in the 1969 total catch. Johannes 
(1970) found only six age classes present in the Little Mis­
souri Arm and. Hieb (1968) reported only five age classes.
The first two years of growth of goldeye in Garrison Reser­
voir are similar to those of other areas but as the fish 
become older in the reservoir they are considerably smaller 
than those of other areas. This characteristic of slow 
growth in the older goldeye may be due to overpopulation and/ 
or inadequate food organisms.
Upon statistical analysis of the total length of gold- 
eye it was found that significant differences were present 
among stations at P O.05. Significant differences were 
present in both the 1968 and 1969 total catches for age 
groups I, II, III and IV. In the 1968 total catch a sig­
nificant difference was also present for age VI goldeye.
The failure to obtain significant differences for age V gold- 
eye in 1968 and for ages VI and VII in 1969 may have been due 
to the relatively small sample size in these age groups. This
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may also be true for age V goldeye from the 19&9 total catch 
even though 299 fish were present in that age group. Al­
though there were significant differences among stations by 
age groups the extent of the differences in total length 
are far too small to make a difference to the commercial 
fishermen. At present goldeye in Garrison Reservoir are of 
limited commercial value since they do not meet the preferred 
size of 360 millimeters and 590 grams. Goldeye smaller than 
320 millimeters can be marketed in Canada but at a reduced 
price (Moen, personal communication).
The length weight regression equations for the 1968 
and 1969 catches fit the emperical data well. The differ­
ences between the two curves may be due to the lack of large 
fish in the 1968 total catch. The constant n should have a 
value of approximately 3 if the population being studied is 
in good condition. The n value for the I89 goldeye from 
the 1968 total catch was 3 *17^1^ and 3*30019 for the 213 
goldeye taken from the 1969 total catch. This suggests that 
the goldeye in Garrison Reservoir are in good condition for 
their total length even though they are short for their age 
when compared to other areas.
It was noted that the coefficient of condition for 
age I goldeye was lower than that of older fish. Goldeye of 
older than age I maintained a rather stable condition factor. 
The low coefficient value for the age I goldeye may have 
been the result of two things. The first being that the
sample sizes of age I goldeye were relatively small. The 
second thing is that the goldeye may undergo morphologic 
changes during the first year.
Sex ratios of goldeye, males bo females, varied 
throughout the reservoir. Overall ratios for the total 
catches in 1968 and 1969 were 1.0-2.13 and 1.0-1.41 res­
pectively. Johannes (1970) found an overall sex ratio of 1.0- 
0.99 for the Little Missouri Arm. A difference in sex ratios 
was noted by Johannes in relation to turbidity. The upper 
portion of the arm, which is very turbid, had a ratio of 1.0- 
0.64 and the lower, least, turbid portion had a ratio of 1.0- 
1.79. Kennedy and Sprules (1967) found a predominance of 
females in their study of the Saskatchewan Delta in Canada 
but state that the sex ratios might have possibly been re­
versed by changing the sampling schedule. This may also be 
true for Garrison Reservoir since the ratios increased in 
favor of females as the water became warmer.
Mesh selectivity revealed that the 1 1/4 inch mesh 
size was the most selective and that the 1 3/^ inch mesh was 
the least selective for goldeye. The larger mesh sizes cap­
tured the larger goldeye but since goldeye get their teeth 
easily entangled in the nets large fish were captured in 
all mesh sizes. Goldeye under 250 millimeters were never 
caught in the 1 1/2 or 1 3/^ inch mesh sizes, therefore the 
smaller mesh sizes were very selective on the small, im­
mature goldeye. It is for this reason that goldeye become 
overfished when small meshed gill nets are used.
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The frequency of food organisms found in the goldeye 
stomachs analysed in this study do not offer a true food 
preference of goldeye. But they do indicate the types of 
food organisms present in the reservoir and the types gold- 
eye will feed on.
In summary one can say that goldeye are very abundant 
throughout Garrison Reservoir and that they possess a slow 
growth rate. This slow growth rate may be due to the limno- 
logic conditions of the reservoir and/or the lacK of desire- 
able food organisms. The goldeye in Garrison Reservoir are 
of limited commercial value since they do not meet the pre­
ferred Canadian size of 360 millimeters and 590 grams.
APPENDICES
APPENDIX A
TABLES OP MEAN TOTAL LENGTH OF GOLDSYE AT TIME OF ANNULUS 
FORMATION FOR EACH STATION FOR SAMPLING PERIODS IN 1968
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TABLE 44
MEAN TOTAL LENGTH OP GOLDEYE AT TIME
FOR SAMPLING PERIOD ONE 1968, LITTLE M
OF ANNULUS FORMATION
I3S0URI ARM (STATION 1)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1967 I 26 156 112
1966 II 5 218 111 189
1965 III 31 273 114 194 249
1964 iv 27 299 119 189 241 281
1963 V 3 320 129 203 242 272 297
Mean calculated length 115 192 245 280 297
Mean annual increment 115 77 53 35 1?
TABLE <4-5
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 











Length at Annulus 
III IV V VI VII VIII
1967 I 15 169 1191966 II 1 220 116 200
1965 III 32 278 126 199 2521964 IV 62 297 125 194 242 277
1963 V 4 315 124 203 242 277 300Mean calculated length 124 196 246 277 300Mean annual increment 124 72 50 31 23
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TABLE 46
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OF ANNULUS FORMATION
FOR SAMPLING PERIOD ONE 1968, PICK CITY (STATION 2)
Year Age No. Mean Length Length at Annulus
Glass Group Fish at Capture I II III IV V VI VII VIII
(ram)
1967 I 0 —














132 205 253 295
129 196 245 284 315
130 202 254 290 320 340
129 198 248 292 315 340
129 69 50 44 23 25
TABLE 4-7
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 















1966 II 8 229 110 201
1.965 III 31 259 112 186 2341964 IV 51 301 124 200 248 279
1963 V 20 317 130 205 243 278 301
1962 VI 3 348 151 223 263 293 321 334
1961 VII 1 362 138 210 274 294 312 332 350
Mean calculated length 122 197 245 279 304 334 350Mean annual increment 122 75 48 34 25 30 16
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TABLE 48
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION
















1967 I 5 188 110
1966 II 15 220 109 194
1965 III 76 261 117 190 239
1964 IV 57 290 118 187 235 272
1963 V 6 313 119 192 238 268 295Mean calculaLted length 117 196 237 271 295Mean annual increment 117 79 Li 3^ 24
TABLE 49
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 
FOR SAMPLING PERIOD TWO 1968, VAN HOOK ARM (STATION 3)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1967 I 13 159 109
1966 II 9 219 104 187
1965 III 49 268 120 195 2421964 IV 41 292 119 188 236 271
1963 V 18 311 130 194 238 171 295
1962 VI 2 316 136 186 238 262 285 302
Mean calculated length 119 191 241 271 294 302
Mean annual increment 119 72 50 30 23 8
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TABLE 50
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATIONS 
FOR SAMPLING PERIOD ONE 1968, TOBACCO 













V VI VII VIII
196? I 11 162 106
1966 II 23 220 104 190
1965 III 4 9 269 123 201 24?1964 IV 22 296 122 187 240 276
1963 V 1 321 116 198 238 276 304
Mean calculated length 117 195 238 276 304
Mean annual increment 11? 78 49 32 28
TABLE 51
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OF ANNULUS FORMATION 
FOR SAMPLING PERIOD TWO I968, TOBACCO 
GARDEN CREEK BAY (STATION A)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1967 I 25 185 115i960 II 4? 236 111 198
1965 III 89 271 118 191 2461964 IV 55 292 121 190 238 273
1963 V 8 309 117 185 230
242 273 293Mean calcul.ated length 117 195 273 293Mean annual increment 117 78 47 31 20
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TABLE 52
MEAN TOTAL LENGTH OP GCLDEYE
FOR SAMPLING PERIOD ONE 1968
AT TIME OP ANNULUS FORMATION
MISSOURI RIVER (STATION 5)
Year Age No. Mean Length Length at Annulus










Mean calculated lenght 
Mean annual increment
116 168 214 274
TABLE 53
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 
















1966 II 0 — — —
1965 III 1 297 108 224 2761964 IV 8 298 123 190 243 277
Mean calculated length 121 193 246 277
Mean annual increment 121 72 53 31
APPENDIX B
TABLES OP MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS 












MISSOURI ARM (STATION 1)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1968 I 15 171
1967 II 1 246
1966 III 23 282
1965 IV 35 300




127 200 249 
123 199 245 2?6 
134 194 244 274 297 
121 199 246 275 297 
121 73 47 29 22
TABLE 55
MEAN TOTAL LENGTH OF GOLDEYE 
FOR SAMPLING PERIOD TWO 1969,
AT TIME OF ANNULUS FORMATION 
LITTLE MISSOURI ARM (STATION 1)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1968 I 18 171 105
1967 II 1 259 142 226
1966 III 30 270 117 199 247
1965 IV 44 296 119 192 242 2741964 V 14 313 121 199 244 276 296
1963 VI 1 333 121 184 232 280 300 320Mean calculated le:’ gth 116 196 244 274 296 320
Mean annual increment 116 80 48 30 22 24
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MEAN TOTAL LENGTH OP GOLDEYE AT TIME OP ANNULUS FORMATION FOR 
SAMPLING PERIOD THREE 1969, LITTLE MISSOURI ARM (STATION l)
TABLE 56
Year Age No, Mean length Length at Annulus
Glass Group Fish at Capture 
(mm)
I 11 III IV V VI VII VIII
1968 I 7 180 113
196? II 4 243 114 217
1966 III 83 272 117 200 247
1965 IV 79 293 124 197 242 274
1964 V 29 309 122 198 242 273 293
1963 VI 1 312 122 170 230 262 288 302
Mea >.calculated length 120 199 244 273 293 302Mean annual increment 120 79 45 29 20 9
TABLE 57
MEAN TOTA LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 
FOR SAMPLING PERIOD FOUR 1969, LITTLE MISSOURI ARM (STATION l)
Year Age No. Mean Length Length at Annulus
Glass Group Fish at Capture I II III IV V VI VII VIII
(mm)
1968 I 4 186 124
1967 II 9 243 131 204
196' III 58 272 122 198 2 50
196 ̂ IV 57 287 117 188 243 274
196 4 V 40 304 122 192 242 274 292
19 3 VI 4 319 130 198 238 270 295 310
1962 VII 1 336 140 216 242 276 298 314 324
Mean calculated length 113 193 245 2?4 293 311 324Mean annual increment 113 80 52 29 19 18 13
TABLES 58
MEAN TOTAL LENGTH OF GOLDEYE AT
SAMPLING PERIOD FIVE 1 9 6 9 , LITT
TIME OF ANNULUS FORMATION FOR
LE MISSOURI ARM (STATION 1)
Year Age Ho. Mean Length Length at Annulus
Class Group Pi si1 at Capture 
(mm)
I II III IV V VI VII VIII
1968 I 1 176 92
1967 II 7 2^0 139 209
1966 III 72 268 117 191 2kG
1965 IV 91 288 117 192 2 4E 27 5
196^ V 33 308 122 193 24-1 275 297




LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION
SAMPLING PERIOD ONE 1969, PICK CITY (STATION 2)
Year Age No, Mean Length Length at Annulus












12? 200 253 285 
12b- 188 2^0 275- 302 
126 197 250 282 302 
126 71 53 32 20
TABLE 60
TOTAL LELGTH OP GOLDEYf.
FOR SAMPLING PERIOD TWO
AT TIME OF ANNULUS FORMATION
1969, PICK CITY (STATION 2)
Tear Age Mo. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
.968 I 2 182 128
: 967 II 16 232 119 196
1966 III 28 26A 115 191 237
1965 IV 12 293 120 19^ 2A-9 27A
1)64- V 1 323 80 160 218 260 302
Mean calculated length 116 192 238 273 302
Moan annual increment 116 76 A 6 35 29
TABLE 61
AN TOTAL LENGTH OF GOLDSYL AT TIME OF 
FOR SAMPLING PERIOD THREE 1969, PICK
ANNULUS FORMATION 
CITY (STATION 2)
Ytar Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
] 968 I 3 169 122
:967 II A 229 108 191
’ .966 III 28 26k 115 191 237
-9 65 IV 12 2 95 130 195 2 AO 27k
196A V 3 305 127 187 236 268 291
Mean calculated length 119 192 237 273 291
Mean annual increment 119 73 k5 .36 18
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TABLE 62
M AN TOTAL LENGTH OF GOLDEYE AT TIME





Year Age No. Kean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1968 I 0 — -
1967 II 11 237 131 204
1966 III 6 265 126 193 248
1965 IV 5 286 124 188 244 271
1964 V 2 311 134 203 252 282 293
3161963 VI 1 324 158 194 216 272 302
Kean- calculated length 130 198 245 274 299 316
Mean annual inci’ement 130 68 47 29 25 17
TABLE 63
KEAN TOTAL LENGTH OF lt 
FOR SAMPLING PERIOD
AT TIME OF ANNULUS FORMATION 
FIVE 1969, PICK CITY (STATION 2)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V 71 VII VIII
(mm)
1963 I 4 177 133
1967 II 42 227 115 196
1966 III 47 252 119 190 238
1965 IV 20 294 124 193 246 276
1964 V 9 303 121 196 246 276 296
1963 VI 1 314 134 206 240 274 294 308
Mean calcula.ted length 121 193 242 278 295 308





LENGTH OF GOLDEYE AT 
PERIOD ONE 1969,
TIME OF ANNULUS 
VAN HOOK ARM (S'
FORMATION 
‘AT I ON 3)
Year Age No. Mean Length Length at Annulus
Glass Group Pish at Capture I II III IV V VI VII VIII
(mm)
1968 I 0 — —
1967 II 1 238 102 134
1966 III 2 281 135 210 258
1965 IV 2 291 136 203 24-7 2731964 V 2 311 120 186 236 270 295Mean calculated length 126 197 247 272 295Mean annual increment 126 71 50 25 23
TABLE 65
MEAN TOTAL LENGTH OP GOLDEYE AT TIME OP ANNULUS FORMATION 
FOR SAMPLING PERIOD TWO 1969, VAN HOOK ARM (STATION 3)
Year Age No. Mean Length Length at Annulus
Class Group Pish at Capture I II III IV V VI VII VIII
(mm J
1968 I 0 — —
1967 II 0 — — —
1966 III 31 278 124 201 250
1965 IV 30 296 123 196 241 2731964 V 11 313 134 197 236 271 294
1963 VI 8 328 128 193 230 264 290 313Mean calculated length 126 197 243 271 293 313Mean annual increment 126 71 46 28 22 20
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TABLE 66
~'AK TO:..L LENGTH ov GOLDa^
SAMPLING PERIOD THREE 196 9 ,
TIME OP ANNULUS FORMATION














V VI VII VIII
1968 I 10 179 110
196? II 11 242 119 206
1966 III 52 270 117 197 247
1965 IV 51 291 119 192 245 2741964 V 10 304 120 197 244 276 2931963 VI 5 328 125 201 248 279 298 317Mean calculated length 118 196 246 275 295 317Mean annual increment 118 78 50 29 20 22
TABLE 67
SAN TOTAL LENGTH OP GOLDEYE AT TIME 
FOR SAMPLING PERIOD POUR 1969, VAN
0? ANNULUS FORMATION 
HOOK ARM (STATION 3)
Year Age No. Mean Length Length at Annulus
Class Group Pish at Capture I II III IV V VI VII VIII
(mm )
1963 I 3 166 100
1967 II 1 245 138 200
1966 III 37 273 118 194 248
1965 IV 24 292 120 192 244 276
1964 V 4 302 134 194 239 268 292









Gonuix YL AT 
FIVE 1969, VAN HOOK
u.iiuLL'j FOBI'inxx--. 
ARM (STATION 3)
Year Age No. Mean Length Length at Annulus
Class Group Pish at Capture 
(mm)
I II III IV V VI VII VIII
1968 I A 199 126
1967 II 5 229 113 198
1966 III Al 271 123 198 2E9
1965 IV 33 293 117 190 2A5 2?7
196A V 17 309 12 A 196 2k5 2 7 7 298
1963 VI A 321 124 202 251 281 295 309
1962 VII 2 3: 13A 207 2^9 282 301 316 325Mean calculated length 122 197 2^7 277 293 311 325Mean annual increment 122 75 50 30 22 13 Ik
TABLE 69
MEAN TOTAL LENGTH OF 
FOR SAMPLING 
GARDEN
GOLDEYE AT TIME 0? ANNULUS 
PERIOD ONE 1969, TOBACCO 
CREEK BAY (STATION A)
FORMATION
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(mm)
1968 I 1 195 98
1967 II 8 247 113 203
1966 III 35 280 120 202 250
j96S IV 41 301 120 191 2kl 277
196A V 6 319 139 198 2kk 276 299Mean calculated length 121 197 2k3 277 299Mean annual increment 121 76 k6 3k 22
7 2
TABLE 70L ' . A i ' J ?OT ' L 
FOR
1IGTH OP GOLDEYE AT u H a  cF niWULu* 
SAMPLING PERIOD TWO 1969, TOBACCO 
GARDEN CREEK BAY (STATION A)
FORMATION
Year Age Mo. Mean Length Length at Annulus
Class Group Fish at Capture I II III IV V VI VII VIII
(ram)
1968 I 95 187 110
1967 II 15 249 119 205
1966 III 68 278 119 200 250
1965 IV 59 295 117 189 237 2731964 V 13 313 122 193 236 269 297
1963 VI 2 32? 137 191 239- 268 291 308
Mean calculated length 118 195 243 272 296 308
Mean annual increment 118 77 48 29 24 12
TABLE 71
MEAN TOTAL LENGTH OF GOLDEYE AT TIME 0? ANNULUS FORMATION 
FOR SAMPLING PERIOD THREE 1969, TOBACCO 
GARDEN CREEK BAY (STATION 4)
Year Age Mo. Mean Length Length at Annulus
Class; Group Pish at Capture I 
(m)
II III 17 V VI
1968 I 7 187 112
1967 II 4 243 106 205
1966 III 59 277 123 201 260
1965 IV 96 293 126 197 245 2771964 V 25 308 129 198 241 2?3 297
1963 VI 1 320 134 200 238 272 298 313
Mean calculated length 125 198 244 276 297 313Mean annual increment 125 73 46 32 21 21
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TABLE, 72
MEAN TOTAL LENGTH OF GOLDEYS AT TIME OF ANNULUS FORMATION 
FOR SAMPLING PERjnn ™ TrR xviwiuuu














V VI VII VIII
1968 I 5 196 103
1967 II 24 212 109 1931966 III 22 276 122 201 254
1965 IV 54 292 123 193 249 2791964 V 52 306 125 193 241 276 296
"°63 VI 9 319 124 206 248 273 294 309in calculated length 122 195 246 277 296 309
n annual increment 122 73 51 31 19 13
TABLE 73
MEAN TOTAL LENGTH OF GOLDEYE AT TIME OF ANNULUS FORMATION 
FOR SAMPLING PERIOD FIVE 1969, TOBACCO 
GARDEN CREEK BAY (STATION 4)
Year Age No. Mean Length Length at Annulus
Class Group Fish at Capture 
(mm)
I II III IV V VI VII VIII
1968 T1 4 189 130
1967 II 19 217 120 194
1966 III 33 275 114 199 250
1965 IV 56 290 122 191 242 275
1964 V 21 305 123 192 241 274 296
1963 VI 3 321 112 203 255 282 301 315
Mean calculated length 121 193 244 275 296 315Mean annual increment 121 72 51 31 21 19
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